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ABSTRACT

Intrusion of plants and antm~ls iztn ehallow land
burial sites with eubeequent mobilization of toxic and
radiotoxic materials hae occured. -ased on recent pathway
modeling etudiea, euch intrusion can contribute to the dose
received by man. This paper describee past work on deve-
loping biological intrueion barrier systems for application
to large volume waate cite etahilization. State-of-the-art
concepts employing rock and chemical barrierE are discussed
relative to long term eerviceabflity and cost of applica-
tion. The interaction of bio-intrusion ba:rier systems with
other proceeaea affecting trench cover atahllicy are
discussed to eneure that trench cover designs minimize the
potential do~e to men.

* Los Alamos National Laboratory is operated by the Univcraity of
California for the United StRten Department of Energy under contract
W-74(15-eng-36.
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INTRODUCTION

The purpose of this paper is to summarize etate-of-the-art
methods for designing large volume =aete cover eyateme that limit
biological intrusion into vt~dte. The need for such aymtme is based
upon past experience at a tiarity of waate dlapoaal sitee where
tranaport of toxic and radiotoxlc elemente by plants and burrowing
animals has occured (1,2,3,4).

An examination of some of the fa:tora affecting waste cite
integrity (5) shows that water - and biata-related processes account
for most occurrences of rontamlnant transport from the waete reposi-
tory. For example, major concerns at shallow land burial aitea for
low-level radioactive waate include exceaa eromion of the trench
cover, excess percolation of water into the trench contributing to
waste leaching and aubaidence , and intrualon of plant roota and
burrowing animals into the waste (Fig. 1). While plante and animala
can mobilize buried waste, they also play a vital role in the dynamics
of water movement in soil cover proftles. In the Western U.S., plant~
may transpire nearly all of the annual precipitation brick to the
atmosphere (6).

Althouf$h vegetation is Important in controlling the water balance
in the cover profile, deep-rooted plants CZF anceas radionucliriea and
brinR them to the 6011 surface. Radionuclides in plant tiaHue can be
ingested by herbivores or nectar-collecting organiams mch as t~oney
beea. At Los Alamoa, New Mexico, one of the pathwayp of tritium
transport away from a controlled low-level waate site Is via the soil
❑oisture-plant nectar-honey bee-honey pathway (2), however radiation
doses to humane that mi~ht consume this honey arc very mall.
I’umbleweeda

8
rowinu on low-level waste sites are n principal transport

vector for 9 Sr at Hanford, Washington (3).

The importance of preventing buried waste from reachir.g the
ground eurface is illustrated by a pathway model of plutonium behavior
in terrestrial ecosyacems (Fig. 2). Radionuclides buried below the
Uround surface can be ahaorbed by plant roote and deposited in above
Rround tiseue. However, when the radionucllden are present in uurftice
soils, as 10 the case at, several waate t?itea, physical resuspension of
soil particles (en~eclally the clays) by wind and water can depo~it
contaminated coil particals on plant nurfacen (i,e., Ieqvea, stcm~p
and fruiting bodies). Field studies (7) w~.th plutonium, as well nn
other radionuclides, nhow that for every picocurle taken up by plant
roots, ●t least 10 (and often 100 to 1000) Ficocuries can he deposited
on folinue surfaces. Of course, moat herhivoren consume thone
radionucllde~ whether they are on or in the pl,ant. Even in the cnne
of humnne, who presumnhly wanh veR@tahlt? cropr! heforc connuml~tion, :JR
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much as 50% of their raClonuclide intake from consuming certain garden
vegetable may be from very small soil particles (clays) not removed
from crop surfaces by standard household food washing procedures (8).

Tb ~mportance of animal burrowing activities within a trench
cover lb snerally disregarded except in those cases where problems
have arie. (1,9). Trench covers are disturbed soil syateme, often
loosely cornl.acted and are readily invaded by native plants and ani-
mals. Burrowing animals utilize the void spaces left after trench
backfilling as natural tunnels and nesting sites (10).

Burrowing activities by animals play an important role In chemi-
cal cycling in the soil profile. The vertical transport of Fe, Se,
Al, Ca, Mg, U, Ra, and Th from deep soil layers to the eurface by the
mechanical action of rodents (11, 12) has given rise to the statement
that burrowinu rodents serve as nutrient pumps that bring Ineoluble
materials to the soil surface for weathering (13, 14). As mentioned
before, soil and chemicals brought to the surface are more readily
avalable for resuspension and transport by physical processes.

Although burrowing animals can gain access and transpcrt waste to
the grou~d surface, less obvious interactions with the cover and
trench backfill may be of fireater importance. For example, pocket
gophers inhabiting a low-level waste site at Los Alamos excavated
about 12,000 kg of Boil per ha from a trench cover during a one year
period (15). Displacement of that amount of soil created about R
mg of void space in the cover or about 2800 m of tunnel system. sol 1
disturbance of a similar or greater magnitude, caused by burrowing
animals, has been documented in many parts of the Western U.S. (16,
17, Ifl, 19, 20). Tunnel systems created by pocket gophers in Coloradc
have been shown to Increase rates of water Infiltration (by decreasing
soil bulk density) into the soil profile by a factor of two over simi-
lar but undisturbed profiles (21, 22). Compared with undisturbed
vegetated soil surfaces, soil cast to the surface by burrowinp acti-
vity can be subject to accelerated erosion (17).

Burrowing animals may greatly alter the fnteRrity of engineered,
multi-layer coil profiles by penetrating through such profilea andlor
by vertically displacing the layers. In native ranges, under high
population densities, Docket gophers are estimated to turn wer 1.5 to
25% of the soil surface in a single year (19, 20).
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REQUIREMENTSOF BIO-INTRUSION BARRIERS

Desirable features of a bio-intrusion barrier system include:

being effective at minimizing plant root and burrowing
animal intrusiori into the soil profile,

●serviceable over the lifetime of the site,

does no: adveraely alter other processes affecting
waste site integrity (e.g. erosion, percolation), and

●coet effectivene89.

Several approaches have been suggested to reduce the bio-
intruslon potential at waste rliaposal sites. Most of those approaches
rely on physical or chemical barriers to prevent plant roots and/or
burrowing animals from accessing the vaate. Examples of physical
barrier systems i,~clude natural geologic materials such as rocks or
man-made barrier materials such aa hypalon sheeting or asphalt
emulsions. Chemical barrier systems include the use of biotoxins.

Past studies with man-made physical intrusion barriers lead to
qceetlona about the serviceable life of much materials under field
conditions. One analysia suggeste that materials such as asphalt,
hypalon and concrete have a field life of no more than 25 years (23).

The two approaches that have received the most attention baszd on
their potential for meeting the requirements of an effective bio-
intru~ion barrier are the use of multi-layered rock materials and
controlled release chemical toxins. The follow;ng discussion descrt-
bes some of the experimental date supporting the use O( ~hose
approached for preventirlg bioloflical intrusion.

MULTI-LAYEREDROLX INTRUSION BARRIERS

Initial sturlien at Hanfordp Washington on the uae of rock bio-
intru~ion barrier systems demonstrated the effectiveness of cobble
(3.8 - 7.6 cm diameter) over conventional waste cover profilea in pre-
venting plant and animal intrusion into simulated waste (24).
Subsequent laboratory studies (24) indicated that improved performance
of the rock barrier was obtained by adding gravel (0.3 -0.6 cm
diameter) over the rock to retard the rate of soil movement downward
into the iarRe air spaces between the rock. The nir spaces between
the rock, which lack water and nutrients, accoufit for the effec-



tiveneea of th18 barrier material in limiting plant root intrusion.
Additionally, the rocke, if of sufficient mass, also prevent the
burrowing of most small mammals that would occupy a waste site.

Follow-up atudles were initiated at Los Alamos, New Mexico under
funding from DOE’S National Low-Level Waste Management Program and
Environmental Research Division, to further evaluate the uoe of geolo-
gic materials as bio-intrusion barriers under different soil, climate.
and vegetation regimes than at Hanford (25, 26). Important questions
which were nddreeeed in those studies were:

How do cobble, cobb?.e-gravel and bentonite clay balrier
systems perform compared to a conventional waste cover
consisting of crushed tuff and topsoil?

What are optimum barrier-coil thickness combinations?

Waste cover profiles were constructed at small scale as shown in
(Fig 3) to evaluate the effect of the followlng varlahlea in limiting
biological intrusion:

top soil thickness,

barrier thickness,

barrier type, and,

plant species.

A plant available tracer (CeCl) was used to indicate harrier
failure (Fig. 3). Three fast-Rrowing, deep rooted plant species were
used to etress the various cover profiles to evaluate plant species
effects on ba:rier performance. Pocket gophers were released on
larger scale cover profiles containing the various barrier materials
to evaluate the effect of the barriers in limiting burrowing with
depth (25).

Based on a log-linear contlnflency table analyei~, the type of
vegetation, bio-barrier mat~rial, and soil and bio-barrier thickness
were all statistically significant factors (F<ll.f)5) affecting root
penetration; barley was much more effective in penetrating cobble anti
cobble-gravel eyatema than were alfalfa or sweet clover (Table 1).

Crushed tuff, t~ie sandy beckfill nwterial used in covering low-
level waste siteo at Loa Alamos, otfcrs little resistance to plant
rooto, regardless of plant epecles ard soil-barrier thickne.le com-
bfnntlons (Table 2). In a~ little RS 101 days (14 wk), plant root~
had intruded throunh 69 of the 72 caver profileB that contained

- ‘)



crushed tuff as a barrier Mterlal. The pattern of high root intru-
eion through crushed tuff was consistent throughout the remainder of
the study, further demonstrating the need for an effective root intru-
eion barrier.

The clay, cobble, and cobble-gravel barrier systems were all much
more effective thqn crushed tuff in limiting root intrusion even at
minimum soil and barrier thickness combinations as shown by the data
for the cobble-gravel barrier material in Table 3. For example, 172
days after seeding, 97% (70/72) of the crushed tuff barriera had been
intruded by plant root8 while corresponding valuea for clay, cobble,
and cobble gravel, respectively, were 55, 42, and 40%. Thus, the
latter 3 barrier system~ resulted in about 2 times more protection
ah.:inet root intrusion than the candy backfill over one growing
seat30n.. Increasing soil and barrier thickness greatly improved per-
formance of the clay, cobble’, and cobble-gravel root barrier systems
(Table 3). Maximnm soil-barrier thickness combinations (1.5 m total)
for the cobble and cobble-gravel barrier materials generally reduced
root intrusions to lees than 25%.

Although clay, cobble and cobble-gravel barrier systems work
equally well in this short-term experiment, some problems were encoun-
tered with the use of bentonite clay and cobble aa barrier materials.
Bentonite clay, which was saturated with water before use, waa subject
to shrinking causing by depletion of water from the clay. Vi6ual
observation of exposed root profilea in the lyaimeter suggested that
removal of water from the clay by plant roota was the cauae of that
shrinkage.

Examination of profilee containing cobble barriers suggested that
the large pore apacea between the rocks gradually become filled with
soil overburden. As such, cobble may not be effective over long
periods of time because the soil between the rocke will provide a
pathway for root growth. The 2-cm-diameter gravel which waa placed
over the cobble in the cobble-gravel @yetem greatly retarded the rate
of aojl migration the air into apacea between the cobble rock.

Results of the animal intrusion experiment demonstrated that
cobble, cobble-gravel and bentonite clay were equally effective in
preventing animal intrusion with depth (25). Crushed tuff, however,
waa readily used for tumeling and offered little resistance to
b~rrowing activity.

For reasone discussed previously, bentonite clay would probably
not be effecti~e aa an animal intrueion barrier due to the plant aeao-
clated drying and ahrfnking of the clay barriar. Additionally,
Cobble, althougl, effective in preventing animal burrowing may not be a
viable long-term plant root intruefon barrier. Althcugh visual exami-



nation of Boll excavated by the gophere eugrested that burrowing
occurred in the gravel overlaying the cobble, tunnels could not be
maintained in thie 100S1Y aggregated material. The latter result,
along with those of the plant root intrusion study, indicate that
cobble-gravel may be an effective biological intrusion barrier when
used applled at a“ 1 meter thickness. Yowever, at least four con-
eideratione related to the use of cobble-gravel barrier systems
remain, They are,

1) performance of cobble-gravel intrusion barrier ayatema
over extended time frames,

2) performance at field ecale under natural precipitation
regfmes with native vegetation,

3) performance under various degrees of Bub81dence, and

4) effect on water balance (percolation into the cover
profile).

Experiments to addreea thoee topic8 are currently underway at Loe
Alamos and HGnford (27); pral!minary results (26) show that the effect
of a vegetated (barley, ~BO% ground cnver) cobble-gravel cover system
(60 Cm topsoil, 100 cm cobble-gravel) on the infiltration of water
into simulated waste has not been different that a vegetated trench
cover comprised of crushed tuff and topsoil (60 cm topsoil, 100 cm
crushed tuff). Acute additions of as mch as 5 cm of precipitation
had no effect on the moisture content of the backfill underlying both
cover systems indicating that the combination of 60 cm topsoil and
heavy vegetation cover provides aufflclent water etorage capacity and
transpiration potential to prevent percolation of water through the
barrier. Increasingly larger additions of water are now being applied
to those experiments to determine when infiltration of water through
the rock barrier will occur.

CHEMICALBIO-INTRUSION BARRIERS

A major impediment to the uae of toxins in preventing plant and
animal intrualon into waate sites has been the need to control the
race of release of the toxins to increase the useful life of the che-
micals under environmental conditions (27,28). A further requirement
is that the toxins be placed in a configuration which does not greatly
decrease plant density and, thus, contribute to water related problems
(i.e. erosion, leaching).

Pilot studies on the use of herbicides to prevent plant root
intrusion (27,29) identified trifluralin and oxyzalin :IS being effec-
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tive in preventing root growth while maintaining normal vegetative
ground cover and root growth above the buried toxin. However, the
degradation and leaching of these compounihv under the conditions of
the pilot experiments was rapid.

By encapsulating the herbicide in a polymer, the herbictde 1s
protected from degradation which occur8 when it 1s applied to soil
directly. For instance, the results indicate that the half-life of
trifluralin in Rltzville silt-loam IIS approximately 50 dhye (29).
Thus, even with high application ratea, the directly applied herbictde
will be ineffective within a few years. On the other hand, when
trifluralin 1s encapsulated within a polymeric pellet, <“gradation (by
biological and chemical ~ans) occurs only following release of the
trifluralin from the eurface of the device. Thus, the trifluralin
remaining within the device is protected until it is able to diffuse
to the surface of the device.

A number of studies to investigate the release of trifluralln
from a variety of polypropylene and polyethylene carrier/delivary
systems indicated that theoretical serviceable lifetimes of approxima-
tely 100 years were achievable (27).

The studies investigated the effects of pellet cize, trifluralln
concentration, carbon black filler, and polymer type on optimum per-
formance. Results of these tests indicated that an optimum pellet was
cylindrical (9 mm in diameter and 9 mm long), formed of polyethylene,
and impregnated with 24% trifluralin and 18% carbon black. When
placed on 5 cm centers (0.04 pellets/ cm2) the release of trifluralin
from the pellets was sufficient to prevent root intrusion. The mini-
❑um concentrations in the soil required to inhibit root growth for 13
varieties of plants ranged frcm 0.3 to 6.4 pg/g (Table 4).

The 9 mm x 9 mm pellets described above were placed in the over-
burden over uranium tailings at the Grand Junction cite in August
1981. They are placed 76 cm below the soil surface. Following empla-
cement for an eight month period, core samples were taken at the site,
the soil in the regio. of the pellets was carefully divided into hori-
zontal sections, and the sections individually analyzed to determine
the concentration of the trifluralin in each section. The results
(27) are shown in Table 5. These results indicate that trifluralin
does not move significantly through the soil profile; concentrations
in the immediate region of the device exceed that necensary to prevent
root intrusion through the pellet-loaded zone. While pellets placed
on 2.5 cm centers provide an extra measure of protection in preventing
root intrusion, the devices placed on 5 cm centers provide con-
centrations of trifluralin exceeding the minimum effective level. In
this caae, trifluralin is being releaeed from the device at approxima-
tely the same rate that lt is being destroyed by biological and cherni-



cal degradation. Experiments in the laboratory indicate that this
equilibrium level is reached approximately 30 days after the device 1.s
placed in the soil.

COST OF BARRIER SYSTEMS

Projected cotit of application of the cobble-gravel and chemical
barrier systems described in this paper are presented in Table 5. A
one meter thick, cobble-gravel barrier applied at LOB Alamos cost about
$100K/ha including dellv~:ry of materials to the site. The chemical
barrier system Is estimated to cost substantially less than the rock
barrier :$l”:K versus $1OOK) although the chemical nw.terials are not
yet counnercially avaj.lable.

Advantage of the rock barrier ayatem are that it is effective
against both plant and animal intrusion and it la not subject to rapid
deterioration. Based on preliminary studies, the rock barrier does
not alter water balance relationships when coupled with optimum top-
soil type ard depth and plant cover. Potential disadvantagea include
cost and disruption by subsidence.

The advantages of the chemical toxin aa a plant root barrier is
that it is easy to apply, relatively inexpensive and, baaed on theore-
tical considerations, should be effective for a hundred yeara. The
serviceability life of the controlled-releaee system can be varied by
adjuating the size and trifluralin concentration of the polymer
carrier/delivery system.

Disadvantage of the controlled release system are that ser-
viceability life of the device have not been field teated and that
animal burrowing and bubsldence may disrupt the barrier ayatem suf-
ficiently to ctiuae barrier failure- The presence of triflural{n con-
taminated beada on the soil surface may retard above ground herbage
growth contributing to water related problems. Consequently placerent
depth within the cover profile is an important issue which la not aa
yet, resolved.

SUMMARYANDCONCLUSIONS

The need to develop effective long-term methods for limiting plant and
animal intrusion into large volume waate disposal sites haa been
recognized as an important adjunct to designing dispoaa?. facilltiea



that minimize transport of contamlnante into biological pathways.
Present state-of-the-art methods on preventing biological intrusion
involve use of mitt-layered rock materials or chemical toxins that
inhibit root growth. Although many questione remain about long-term
effectiveness of those systems, they clearly outperform conventional
waste cover materials. Field studies at Los Alamoe and Hanford will
resolve most Gf the remaining questions about the uee of these
materials as biological intrusion barriers.

Layered rock barriers, such as the cobble-gravel system described
in.this paper, offer long-term effectiveness if soil can be prevented
from entering the air spaces between the rock. The 2-crdiameter gra-
vel has been ~hown to reduce infiltration of soil particles downward
into the rock over the short-time period of one year. Consideration
ehould be given to employing reck barriers that incorporate graded
rock sizes from bottom to top to eliminate soil movement into the
large rock air spaces.

Effective layered rock barrier~ also require the use of adequate
depthB of topsoil to preclude increased infiltration of water into
waste. Adequate moisture storage capacity and plant cover are eseen-
tial to maximize losses of incident precipitation to evapo-
tranfipiration.

Although cost of a layered rock intrusion barrie~ is relatively
high compared to the chemical barrier the comt relative to operation,
closeout and long-term management of the site would be minimal. A
commercial operation, charging $165/m3 ($5/ft3) to bury waste, would
expend roughly $0.67/m3 isolate to apply a 1 meter thick cobbel-gravel
barrier, based on cost estimates of appling this barrier at Los
Alamos.

Questions relative to effectiveness of layered rock intrusion
barrjer over long periods of time, under v. :ious degrees of Bubside~ce
and under full scale conditions are bein~ addressed in on-going stu-
dies. Although we expect that cobble-gravel will adequately satisfy
all the requirements of a good barrier material, present d~ta are not
sufficient to eay eo with a high degree of confidence.

Chemical toxine is such as Trifluralin, that prevent pla~t root
intrusion appear to satisy most of the requirements of a good barrier
material for plant roots. However, supporting data are not yet
available to determine long-term effectiveness under field conditions
and the effects of animal burrowing and subsidence on the physical
integrity of the barrier layer. Further evaluation of the toxic pro-
perties of trifluralin need to be determined for other native plant
species, particularly trees and shrubs.
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A methodology which may ‘be worthy of consideration IS to combine
the rock and chemical barrier systems. The chemical toxin, when
placed beneath the rock barrier, could serve as the plant root intru-
sion barrier, while a reduced thickness cobble-gravel (or cobble)
layer could serve in preventing animal intrusion. Overall coat of
such a methodology would be reduced because of the reduced need for a
thick cobble-gravel layer.

Table 5. Cost of applying layer rock and chemical bio-intrusion
barrier~ in waste cite covers.

Barrier Type Configuration $/ha

C~bble-gravel 75 cm cobble 75k
25 cm gravel 25k

Trifluralin beads 9mm X 9mIrIwith 13k
25% tr?.fluralin
(3.7 X 106 beads/ha)

//
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TABLE 1. CWLATIVE Nllf@ER OF MT PEN~RATIud THROUGH BIOBAWIER
AS A FIB+CTION OF VEGETATl@4 TYPF, BIOBARRIER TYPE, Am ELAPSED
TIK SINCE SEEDING. SAWLE SIZE F~ EACtl COLUhW 1S4. (from ref. 25).

#

my
Ahlra t 10 II 19
Bmy 1: 14 14 14 14 1:
Ch 7 10 11 II 11 Is

Cabk-orml
AWdfs ooa#420
BMW IS M n so 20
Cbwl ola481:

1A6LE 2. CWLATIVE NMIBEROF ROOT PENETRATIONS THROUGH CRUSHED Tufr
Bl~ARRIERS AS AFLNCllON OF SOl L THICKNESS, BICBARRIER
THICIOIESS, AND ELAPSED TIME SINCE SEEDING. SAMPLE SIZE FOR
EACH COLL##d IS 12, WITH PERCENTAGE OFPENETRAII~IN pAR[~THEj[s

(franrof. 23},

mfv&d SOUIBdmThMmu CanNmllonc

-

A!L!L .

83 Tim Tiiii iFj————
n 11(100) M(lm) 11(100) 8;1) 1;1) 4 :s$)
n 12(IW) II(lw) M(1W)
101 11(100) Ia(la) Ia(lw) la(h) la(h) s:7s)
110 Ia(lw) la(m) 12(100) 12(10) 12(10) 10(0]
148 12(100) ii(m) Ii(lw) 12(10) M(lm) lo(u)
m Wo) 1:[;0) Mulfl) l:WO) Mwkl) 10(0))

NH 1(1?1

=&==~Qfi,
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TABLE 30 CUWLATIVE NWER OF FW30TkNETRATIOK THROUGH COBBLF-WVEL
BIOBARRIERS AS A FUNCTION OF SOIL THICKNESS, BIOBARRIER THICKNESS,
AND ELAPSED TIME SINCE SEEOING. SAMPLE SIZE FOR EACH ~LI#W IS 12,
WITH PERCENTAGE OF PENETRATIONS IN PARENTHESES (from ref. 25),

/6,7



Tim fm M u
M Tmatd
Zsma (*]

17

21

15

16

18

14

24

20

13

21

14

13

14

brattal of
S- (m)

31

45

45

45

5S

A5

45

45

45

59

%

%

54

kmtmthl

a.3

4.7

4.0

3.1

1.9

6.4

0.9

1.s

0.s

0.7

0.5

2.5

1.2

[ffuttMShOOmROt

(x of Cmml)

92m

90/85

115/94

57/50

9s/11s

99/101

102/97

97/85

71/67

Et&m

amol

9s/96



Table 5. Trlfluralln in Soil Samples
Profilett Grand Junction.

Distance Above
Pellets (cm)

0-1.3

1.3-2.5

2,5-5

5-7.6

7.6-10

10-12.7

12.7-15.2

15.2-76

Taken (April 1982) frmthc Soil

U9 Trlfluralln/g soil
Pellets Placed Pellets Placed

at 5 cm intervals] at 2.5 cm Inteiwls

41.3 ~2&2

19.1 ~14.6

4.52 2.2

3,82 3.8

0.25 6,2

o.1~ 0.1

o.1~ 0,1

0

81.6

15.4

3,8

0,6

0

0

0

0

13 replicates

Tabla 6, Coat of applyln~ layer rock ond chemicol Mo-lntmoion
barrloro In vmto oite covaro.

@rrior TYPO COnfiRurotlon I&

Cobblo-gravel 7S cm cobble 7sk
23 cm ~ravol 29h

TrifhJralln bmda *X t-with In
25X trifluralln
(3,7 X 10~ beads/ha)

/(\1.
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